Background
Introduction
Globally there are marked differences in cesarean, induction of labour, operative vaginal delivery and episiotomy rates in North America [1] , Australasia [2] [3] [4] , Europe [5] [6] [7] , the Middle East [8] and Latin America [9] . It is likely that there are many reasons for these disparities in obstetric interventions, including maternal request [10] [11] [12] and fear of litigation [13] . In Australia, private health insurance rates have gradually increased with almost 47% of the population now holding hospital coverage. Furthermore, for the demographic cohort of 15-50 years of age, more women than men hold private health insurance with high rates of utilization of health coverage for private maternity care. Obstetric intervention rates in Australia differ widely between the public and private sector with the highest rates seen in private hospitals, intermediate rates for privately insured women birthing in public hospitals and lowest rates for women without private health insurance [14] .
A recent large study utilizing data from the Australian perinatal data collection [15] suggested that although intervention rates were higher in privately insured women, overall neonatal outcomes were significantly better in this cohort. Another study from New York showed that neonatal outcomes were significantly better both in privately insured women as well as women without private health insurance but birthing in a private setting [1] . There is however a paucity of neonatal outcome data relating to the urgency of emergency intrapartum cesarean at term between publicly funded and privately insured women. Classification of the degree of urgency of cesarean is generally based on one of four categories [16] : Category 1-immediate threat to life (maternal or fetal); Category 2-maternal or fetal compromise that is not immediately life-threatening; Category 3-needing early delivery but no maternal or fetal compromise; or Category 4-delivery at the convenience of the patient or obstetric team. Professional bodies such as the American Congress of Obstetrics and Gynaecology [17] , National Institute of Clinical Excellence in the United Kingdom [18] and the Royal Australian and New Zealand College of Obstetricians and Gynaecologists [19] all have broadly similar recommendations in that the decision to delivery interval for Category 1 cesarean should be no longer than 30 minutes.
The objectives of this study were to firstly compare the demographics, major co-morbidities and modes of delivery in non-insured ("publicly funded") and privately insured women ("privately funded") with singleton, term deliveries at a single major tertiary centre in Australia and secondly to compare neonatal outcomes following category 1 and 2 cesareans at term between these two groups.
Materials and methods

Study setting
This was a retrospective cross sectional study of all women with singleton pregnancies who underwent either a Category 1 or Category 2 cesarean at term (37-42 weeks), at the Mater Mothers' Hospital in Brisbane, Australia between January 2007 and October 2014. The Mater Mother's Hospital is the largest maternity hospital in Australia with a combined public-private birth rate of almost 10,000 per annum. This equates to 1 in 6 births in the state of Queensland. All women, regardless of health insurance status, birth in one delivery suite staffed by a common team of midwives who care for women in conjunction with both the public obstetric team and individual private obstetricians. Intrapartum care for all women is guided by hospital guidelines and policies to which all obstetric staff (public and private) have to adhere. When privately funded women require either an operative vaginal delivery or emergency cesarean, a specialist pediatrician is normally in attendance for the birth. The birth itself is conducted by the private specialist obstetrician. In contrast, public women are cared for by two on duty obstetricians in specialist training supported by a specialist obstetrician who is able to attend within 20-30 minutes if required. The on duty trainee obstetrician is credentialed to perform term cesareans without supervision as well as instrumental vaginal deliveries. A trainee neonatologist attends all operative vaginal births and emergency cesareans for publicly funded women. A specialist public neonatologist may either be on site or in close proximity and able to attend rapidly if required.
Category 1 and 2 cesareans are the two most urgent categories of cesareans and are usually performed for urgent fetal or maternal indications as described earlier. Categorization of the urgency of the caesarean section was made contemporaneously by a member of the obstetric team and the primary indication for operative birth was used for analysis.
Maternal demographic data and perinatal outcome data were collected from the hospital's maternity database and cross-referenced with the maternal and fetal medicine and neonatal databases to ensure robust data ascertainment for maternal demographics, gestation, mode of delivery and neonatal outcomes.
Inclusion and exclusion criteria
Inclusion criteria were singleton pregnancy, gestation !37 weeks, absence of major congenital malformation and absence of any known fetal demise at any gestation prior to labour. We excluded from analysis multiple pregnancies, pre-term gestation (<37 weeks), major congenital malformation and known fetal demise at any gestation prior to labor.
Maternal and perinatal variables
Maternal demographic information included age, body mass index (BMI), ethnicity, country of birth, maternal medical conditions (hypertension/pre-eclampsia and diabetes) and patient admission status (public or private). Hospital sector of birth (public or private) was determined at the time of booking and updated if subsequently changed. In general, public patients do not have private health insurance and private patients have private health insurance, although this is not invariably the case. Although some patients may not have private health insurance they may still elect to be cared for a private obstetrician. For the purposes of this study, these patients would fall under the "private" category. Mode of delivery was classified as normal vaginal delivery (NVD), instrumental delivery (forceps or vacuum), or cesarean (planned cesarean and category of emergency cesarean).
Perinatal outcome data was collected for women who experienced a Category 1 or Category 2 cesarean. Data included gestation at delivery to the nearest week, birth weight, Apgar score at 5 minutes, umbilical arterial pH and lactate, neonatal complications defined by attending neonatologist (e.g. respiratory distress, seizure, jaundice and infection), neonatal critical care unit (NCCU) admission, and neonatal death prior to discharge. Data on the category or urgency and indication for cesarean (non-reassuring fetal status, failure to progress in labor, malpresentation, failed instrumental delivery, antepartum hemorrhage/placenta previa, cord prolapse, uterine rupture, intrapartum hemorrhage and maternal disease) were also collected.
Ethical approval
Research Ethics and Governance approvals for this study were granted by the Mater Human Research Ethics and Governance Committee (HREC/13/MHS/104).
Statistical analysis
Data integrity was assessed using a year by year analysis to identify inconsistencies of reporting between years. Where data integrity was questionable with sudden drops in outcomes that could not be accounted for by change in policy or treatment, those variables were excluded from any analysis. Efforts were made to correct missing and data entry errors through searches of individual patient records. Where data were collected with different degree of outcomes between years, these variables were collapsed into dichotomous variables to indicate whether the outcome occurred or not. Where only the outcomes were recorded, after discussion with data custodians it was determined that it was reasonable to assume that missing data indicated that the outcome had not occurred.
Normally distributed variables were compared using a two sample t-test or Analysis of Variance (ANOVA) if there were three or more groups. Non-normally distributed variables were compared using a Wilcoxon Rank Sum test for two groups or Kruskall-Wallis test if there were three or more groups. Frequencies were compared using a chi-square test. The proportion of infants in each category of indication for cesarean section (CS indication) was compared using a z-test for two proportions. Summary statistics are reported as mean (SD) or median (IQR) as appropriate. A probability (p) value of <0.05 was used to define statistical significance. Multivariate logistic regression analysis to assess the influence of maternal insurance status on neonatal outcomes for women who required a category 1 or category 2 cesarean was also performed. The results are reported as adjusted Odds Ratios (aOR) and 95% Confidence Intervals (95% CI). Statistical analysis for this study was performed using Stata 13 (StataCorp. Stata Statistical Software: Release 13. College Station, TX: StataCorp LP). Table 1 details the demographic characteristics of the study population. Over the study period a total of 61,355 women met the inclusion criteria. Of these, 52.9% (32,477/61,355) were recorded as publicly funded patients and 47.1% (28,878/61,355) were privately insured. Compared to the public cohort, privately insured women were more likely to be older, have lower BMI, have Caucasian ethnicity and be Australian born. The proportion of nulliparous women was 2% higher in the private cohort. Overall, publicly funded women had higher rates of hypertensive disorders and diabetes. The median time in labour was 35 minutes longer in publicly funded women than in privately insured women. Table 2 details the modes of birth and the cesarean categories for both cohorts. There were more normal vaginal deliveries, forceps deliveries and emergency caesarean births in the publicly funded compared to the privately insured cohort. Category 1 and 2 emergency CS were also more common amongst publicly funded women. The overall emergency caesarean birth rate was 2.7% higher in publicly funded women than in privately insured women. Planned caesarean births occurred more commonly among privately insured women. Table 3 details the demographic characteristics of the publicly funded and privately insured cohorts stratified by category of cesarean section. In the Category 1 and 2 groups, age, BMI, ethnic background, country of birth and prevalence of hypertension, gestational diabetes, heart disease and autoimmune disease were broadly similar to the entire cohort. The median recorded length of labour before a Category 1 cesarean was performed was 42 minutes longer in the publicly funded compared to the privately insured cohort but this difference just failed to attain significance (p = 0.06). The median length of labour before a Category 2 cesarean was performed was significantly longer (157 minutes) in the publicly funded cohort. Table 4 details the primary indications for category 1 and 2 cesareans. For Category 1 cesareans the two most common indications for both the publicly funded and privately insured cohorts were non-reassuring fetal status and failure to progress in labour. For Category 2 cesareans the leading indication for delivery was failure to progress, followed by non-reassuring fetal status. Overall, for both Category 1 and 2 cesareans in combination, almost 40% of procedures were performed for non-reassuring fetal status. Failure to progress in labour, malpresentation and failed instrumental delivery were the next most common indications. Failure to progress was more common in the privately insured cohort. Table 5 details the perinatal outcomes by category of caesarean section. For Category 1 cesareans the median gestational age (40 weeks) at birth was similar for both cohorts, however the slight difference in distribution made this difference statistically significant, suggesting that in those delivering over 40 weeks, publicly funded patients delivered slightly later than women with private health insurance. Median birth weight and the proportion of small babies (Birth weight <5 th or 10 th centile) did not differ between the groups. The proportion of infants with Apgar score <7 at 5 minutes, acidosis, NCCU admission, severe respiratory distress and jaundice were higher in the public group. For Category 2 cesareans the median gestational age at birth was lower in the privately insured cohort. In babies delivered by women in the publicly funded cohort, there was a higher proportion with an Apgar score <7 at 5 minutes, severe respiratory distress, jaundice and admission to NCCU. Table 6 details perinatal outcomes for combined category 1 and 2 cesarean sections. When both Category 1 and 2 CS were combined, overall perinatal outcomes were significantly worse in the publicly funded cohort. The only exception to this was acidosis at birth which was higher in the privately insured cohort. This finding is likely to be skewed because of the higher proportion of acidotic neonates in the Category 2 private cohort.
Results
Multivariate analyses controlling for maternal age, ethnicity, country of birth, parity, hypertension, diabetes mellitus, gestational age at birth and length of labour confirmed that private insurance status was significantly protective only for the perinatal outcomes of Apgar score <7 at 5 minutes (aOR 0.26, 95% CI 0.13-0.55), admission to NCCU (OR 0.51, 95% CI 0.30-0.92) and respiratory distress (aOR 0.60, 95% CI 0.41-0.86) for category 1 and 2 cesareans.
Discussion
In this Australian cohort, publicly funded patients were younger, had higher BMI, and higher rates of non-Caucasian ethnicity, being born overseas, hypertension and diabetes than privately insured women. Publicly funded women also had higher rates of normal vaginal deliveries and correspondingly lower rates of instrumental and cesarean births. Regardless of category of emergency cesarean, our results suggest that neonatal outcomes for infants born to women in the publicly funded cohort were poorer overall compared to those with private health insurance, although there appeared to be some independent contribution to outcomes from birthweight, gestational age at delivery and ethnicity. The reasons for the disparities in perinatal outcomes are not immediately clear from the data available for this study. Although it is known that perinatal outcomes tend to be worse in women who have significant medical co-morbidities [20] , in our study there was no difference in the prevalence of diabetes or hypertension in the combined category 1 and category 2 groups. We also deliberately confined our analyses to term pregnancies as this would have negated the potentially confounding effect of prematurity which is known to greatly influence perinatal outcomes. The incidence of birthweights either below the 5 th or 10 th centile for gestation was similar in both groups thereby reducing the likelihood that fetal growth restriction was responsible for the poorer outcomes in the public cohort. Aside from maternal and perinatal factors the other differences between the groups were the seniority of obstetric and pediatric staff involved in the immediate care of the two cohorts. Privately insured women were cared for by a specialist obstetrician with a specialist pediatrician in attendance at the time of an emergency cesarean. Operative intervention was also more likely to take place earlier in labour in privately insured women compared to their publicly funded counterparts. Babies from women who were publicly funded were clearly exposed to the stress of uterine contractions for a longer period and may therefore be born in a poorer condition compared to babies in the privately insured group. However, time in labour did not influence Apgar score <7 at 5 minutes or admission to NCCU. It is possible that the shorter duration of labour in the privately insured group combined with perhaps more effective neonatal resuscitation by a more experienced pediatrician may explain the better neonatal outcomes in this group. It is also entirely possible that private obstetricians are more cautious and therefore tend to intervene sooner than their public colleagues. There is evidence [1] that privately insured patients are perceived as posing a greater medical-legal risk to obstetricians thereby resulting in greater intervention rates which may in turn result in better neonatal outcomes. In some North American studies the absence of private health insurance coverage appears to confer a greater risk of adverse outcomes with critically ill uninsured patients experiencing higher hospital mortality than insured patients [21] [22] suggesting that lack of insurance may be an independent risk factor for death. In a study from Argentina [23] , uninsured obstetric patients were noted to be more severely ill on admission and experienced worse outcomes than insured patients. Other studies have shown that for women admitted to the intensive care unit, non-obstetric causes of admission were more frequent among uninsured than insured women which may suggest a higher prevalence of co-morbidities [24] and more severe disease [25] [20] . Although our study was confined to neonatal outcomes following the two most urgent categories of cesarean, demographic analyses of our data did not demonstrate any difference in maternal co-morbidities (diabetes or hypertension) that could explain the discrepancy in neonatal outcomes in our cohort.
In a large study from Ireland [5] of more than 400,000 births, obstetric interventions including emergency cesarean occurred more frequently in the private cohort compared to women who opted for publicly funded care. The authors of this study concluded that the significant differences in obstetric intervention between the two groups were unlikely to be explained solely by differences in clinical risk factors alone. The results from our study suggest that a similar relationship may hold for neonatal outcomes as well.
The care women receive from experienced specialist obstetricians may play an important role in reducing adverse neonatal outcomes. There is evidence that private hospitals have shorter decision to intervention times, better communication regarding clinical care plans and are able to triage and treat more effectively in response to unanticipated clinical situations [26] . All these factors may result in better outcomes.
However, the data regarding the influence private health status on improved clinical outcomes is conflicting-a large study from the United States [27] showed that while private health insurance appeared to be protective against NCCU admission for some ethnic groups it was not for other racial groups. In this particular study having private insurance did not protect Black or Non-Hispanic mothers from higher neonatal intensive care admission rates than agematched women with public insurance. The authors of this study suggest that adverse pregnancy outcomes were mitigated differently across ethnicity, maternal age and other factors and that possession of private insurance did not necessarily benefit all ethnic groups equally.
It is unclear if the differences in perinatal outcomes seen in our study are a direct result from differences in health care provision based on insurance status or whether the possession of private healthcare coverage was actually a proxy for other factors including the absence of poverty. Evidence suggests that people with private insurance are healthier and in less need of health care services than people with public insurance [28] . Privately insured women in our study had less likelihood of hypertension and gestational diabetes, two factors which are well known to influence perinatal outcomes.
A study from Western Australia [29] demonstrated that preterm infants of publicly funded women with similar demographics as privately insured women, had an increased risk of low Apgar score and took longer to establish unassisted respiration. However, they were less likely than infants of privately insured women to be admitted to a special care nursery for observation or treatment. The authors of this study made the point that, in Western Australia, there was a financial incentive for hospitals to admit babies to the neonatal unit whose mothers were privately insured because these infants then became separate fee paying patients. As a result of this dichotomy there might be an incentive to encourage admission of borderline infants for observation. The results from our study however do not support this hypothesis. One reason may be the fact that our study was confined only to term infants delivered by emergency cesarean. Another possibility is the fact that both public and private deliveries at the Mater Mothers' Hospital take place in a single birth suite staffed by a common team of midwives. Obstetric and neonatal practice is also strictly governed by common institutional policies and guidelines. Our results are consistent with a previous Australian study of term births that found an increased risk of all adverse birth outcomes in the public cohort [15] .
Another possibility to explain the disparities in neonatal outcomes seen in our study is the "weathering hypothesis" [30] . In our study there were greater numbers of indigenous and Asian women as well as those born outside of Australia in the public cohort. Given that Australia accepts a large number of migrants and refugees from some of the most socially disadvantaged regions of the world, the psychosocial stress resulting from their cumulative experiences may prematurely "age or weather" the reproductive system, contributing to the increased rates of poorer outcomes in the public cohort [30] [31] . Although it may be speculative at this stage, it is possible that factors influencing perinatal outcomes may go beyond ethnicity, insurance status, maternal co-morbidities and age to also include a woman's previous social and psychological experiences.
The strengths of this study are its size and the fact that all deliveries took place within a single birth suite staffed by a common team of midwives within a large tertiary institution with comprehensive and contemporary policies and clinical guidelines. Availability of emergency operating theatre access and anesthetic staff were similar for both cohorts. Guidelines pertaining to admission to the neonatal unit applied equally to both the public and private cohorts. These uniformities minimized the potential for bias. We however also acknowledge the limitations of this study which relate mainly to its retrospective nature and potential for selection bias. We were also not able to ascertain the potential for differential misclassification of both the indication for the cesarean section or indeed the individual neonatal outcomes. Maternal lifestyle factors such as smoking was not always clearly recorded and therefore not analyzed. Smoking clearly influences perinatal outcomes and may be an important confounder which needs further evaluation. We also did not include differences of induction of labour rates between the two cohorts and this might have potentially influenced the outcomes. The influence of induction of labour on caesarean section rates and neonatal outcomes are however conflicting, with some studies [32] demonstrating no difference in either operative birth rates and others [33] suggesting an increase in intervention in the induction cohort. Other possible residual confounders including maternal educational level, number of antenatal visits, model of antenatal care, alcohol intake, or other barriers that may have influenced a woman's experience in accessing care, were not measured.
Conclusions
The results from this large study from a single tertiary centre suggests that perinatal outcomes after emergency caesarean section are better in women who had private obstetric care. However, caution is required in extrapolating our findings more generally. In particular, our findings need to be tempered by the fact that in many tertiary hospitals around the world, sicker and higher risk women are often cared for under the public system thereby leading one to expect that the disparity in health status alone could contribute to more adverse outcomes. The challenge for healthcare systems globally is to ensure that any inequalities are minimized between all cohorts of women.
